35 Likewise, a modest effect was only observed in a co-culture assay between MβCD/simvastatin treated C1R-36 CD1d cells and invariant natural killer T cells on measuring secreted cytokines (IFNγ and IL4). Furthermore, 37 CD1d rich regions were highly sensitive to low concentration of Triton X-100. Physical proximity between 38 CD1d, MHC and GM 1 molecules was also detected in the plasma membrane.
Background: Cluster of differentiation 1 (CD1) represents a family of proteins which is involved in lipid-based an-25 tigen presentation. Primarily, antigen presenting cells, like B cells, express CD1 proteins. Here, we examined the 26 cell-surface distribution of CD1d, a subtype of CD1 receptors, on B lymphocytes. 27 Methods: Fluorescence labeling methods, including fluorescence resonance energy transfer (FRET), were employed 28 to investigate plasma membrane features of CD1d receptors.
29 Results: High FRET efficiency was observed between CD1d and MHC I heavy chain (MHC I-HC), β 2 -microglobulin 30 (β 2 m) and MHC II proteins in the plasma membrane. In addition, overexpression of CD1d reduced the expression 31 of MHC II and increased the expression of MHC I-HC and β 2 m proteins on the cell-surface. Surprisingly, β 2 m de-32 pendent CD1d isoform constituted only~15% of the total membrane CD1d proteins. Treatment of B cells with 33 methyl-β-cyclodextrin (MβCD) / simvastatin caused protein rearrangement; however, FRET demonstrated 34 only minimal effect of these chemicals on the association between CD1d and GM 1 ganglioside on cell-surface. 35 Likewise, a modest effect was only observed in a co-culture assay between MβCD/simvastatin treated C1R-36 CD1d cells and invariant natural killer T cells on measuring secreted cytokines (IFNγ and IL4). Furthermore, 37 CD1d rich regions were highly sensitive to low concentration of Triton X-100. Physical proximity between 38 CD1d, MHC and GM 1 molecules was also detected in the plasma membrane.
39 Q3 Conclusions: An intricate relationship between CD1d, MHC, and lipid species was found on the membrane of 40 human B cells. 41 General significance: Organization of CD1d on the plasma membrane might be critical for its biological functions.
Introduction

48
Antigen presentation is a defining mechanism in the adaptive im- found to present these non-peptide antigens to a distinct subset of T 56 cells [3, 4] . In fact, these CD1 molecules, encoded on human chromosome 57 1, resemble MHC I heavy chain (MHC I-HC) in physical structure [3, [5] [6] [7] 58 and MHC II molecules in function, mainly endosomal surveillance [6, 8] , 59 thus possessing an admixture of features which have led to the hypothe- 60 sis that these molecules have diverged from a common ancestral gene. [4, 6, [14] [15] [16] [17] [18] [19] [20] [21] ; these studies provided evidence that CD1 mole- 71 cules sample antigens in the endocytic system but the membrane orga-72 nization of these receptors which could influence such biological 73 behaviors of these molecules has not been explored in detail yet. Further- 74 more, owing to the broad role played by CD1d in B lymphocytes, which 75 came into prominence recently due to its role in sustaining antibody re-76 sponses [22, 23] and for the maintenance of invariant natural killer T
191 where x i,j and y i,j are fluorescence pixel values at co-ordinates i and j in 192 images x and y. Only those pixels that were above the detection thresh-193 old in both images were used for analysis. The theoretical maximum is 194 '1' for perfect overlap of proteins (i.e. 100% co-localization); while a 195 value '0' implies random overlap of proteins and a negative value '−1' 196 indicates an anti-colocalized situation of the two molecules where a 197 pixel is bright in one channel and dim in the other. 
Flow cytometric detergent resistance (FCDR) test
233
For the kinetic assessment of CD1d enriched membrane regions, an 234 earlier published protocol based on flow cytometry was followed [52] .
235
Briefly, cells were labeled with Alexa 488 dyes conjugated Mabs or 236 probes in 50 μl volume of PBS buffer (pH 7.4) containing 1 mg/ml BSA.
237
The incubation and washing of the samples were carried out in a similar 238 fashion as described for other samples in the labeling method. Impor-239 tantly, formaldehyde fixation of cells was not done in this experiment.
240
Measurements were carried out immediately after the sample prepara- (Fig. 1) . sized that these molecules might be in the vicinity of CD1d as well.
373
Alexa 546 and Alexa 647 dyes conjugated to the same L243 antibody C1R-CD1d cells were labeled with A647 dye conjugated specific Mabs against MHC I-HC (W6/32) red, β 2 m (L368) blue, CD1d (27.1.9 clone) violet, MHC II (L243) green following protocols described in the Materials and methods section independently. Measurements were performed using a FACSArray flow cytometer. b) QIFIKIT estimation of the number of membrane receptors: Cells were labeled according to the protocols provided by the manufacturer. Briefly, cells were labeled separately with unconjugated antibodies specific for each receptor. The mixture of cells and antibodies were incubated on ice for 30 min. The membrane receptors were saturated with antibodies, then, washing was done using ice-cold PBS buffer. Next, the samples were incubated with FITC conjugated F (ab′) 2 for 30 min on ice and in a dark environment. Finally, after washing twice with ice-cold PBS buffer, samples were fixed using 1% formaldehyde. The sample measurements were performed immediately by FACSCalibur. The numbers of receptors are presented as Mean ± S.E.M. In the figure, CD1d a and CD1d b indicate staining of CD1d receptors by 51.1.3 and 27.1.9 CD1d Mabs respectively.
were used as a positive control, whereas, GM 1 ganglioside and TfR proteins in the same regions of the membrane (Fig. 3a) . Additionally,
382
the cross-correlation coefficient values for these proteins were also 383 remarkably high thus confirming the spatial overlap seen in the im-384 ages (Fig. 3b) . proteins were physically associated with CD1d (Fig. 4b) . In addition,
393
considerably high FRET efficiencies were also observed between 394 these molecular species (Fig. 4a and b) . MβCD or simvastatin appeared to have a minor effect on the association 431 of CD1d with GM 1 subunits, the effect was not significant at the used con-432 centrations of reagent based on our study (Fig. 5b) . Therefore, we per-
433
formed FCDR experiments to further characterize these CD1d rich 434 regions using detergent TX100. We noted that CD1d rich regions were "+ve" population in comparison with a C1R-CD1d "−ve" population. The expression of receptors by C1R-CD1d "−ve" population was taken as 100%. A dual labeling of receptors of interest was carried out simultaneously as described in the Materials and methods section. One of the labeled receptors was always CD1d protein while the second receptor was among MHC I-HC, β 2 m or MHC II proteins. Measurements were performed by a FACSCalibur instrument equipped with blue, 488 nm Ar ion laser, and red, 635 nm diode laser. Positive and negative populations for CD1d protein were gated carefully, and the fluorescence signals for each of the receptors in each population were quantified. Alexa 488 and Alexa 647 dyes conjugated antibodies were used in this experiment to avoid possible spectral overlap between dyes. In the figure, * , * * , and * * * indicate 'p' values b0.05, b0.005, and b0.0005 respectively.
that of GM 1 decreased to~95% within 3 min (Fig. 6e) . Supplementary Fig. 3a) ; however, this was accompanied by a Fig. 7c and d) . CD1d expression due to 10 μM simvastatin, Supplementary Fig. 3b ).
492
Therefore, both compounds alter the distribution of membrane proteins 493 on the surface of C1R-CD1d cells. The first two columns in green and red indicates the images of two different molecular species in pseudo color taken in two different channels of the microscope, and the third column represents the superimposed image for these two channels. The name of the molecules which were imaged is shown on the bottom right corner of each image. Emission from Alexa 546 and Alexa 647 dyes were collected through 560/615 nm BP filter and 650 LP filter respectively. a) Cells were labeled with antibodies against each of the receptors denoted at the x-axis according to the steps described in the Materials and methods section. Thereafter, the top of the membrane was used to record numerous images for each sample from several cells. Next, the co-localization of the two receptors in question was calculated in terms of cross-correlation coefficient value using the LabView program. The first and second row columns indicate positive and negative control respectively. The other columns show the 'C' values between CD1d and other molecules that were probed together. The specific dye conjugated antibodies used are mentioned on the right bottom of each image in Fig. 3a . For a positive control, the same L243 antibody was conjugated with both Alexa 546 and Alexa 647 dyes while CTxB and TfR molecules were used for negative controls. tion was also found to occur during several physiological events, for 
example during immune synapse formation [63, 64] , diseased condi-530 tion [65] and cell differentiation stages [66] . However, to our knowl- 
568
This observation also complements the earlier reports in which these 569 two isoforms were described by biochemical methods [11, 67] . Of Hence, our study with a specific Mab (27.1.9 clone) which can detect in- . Non-fixed samples were processed for the measurements. Signals from the TX100 untreated samples were measured for approximately 50 s, then, ice-cold TX100 at various concentrations (untreated, 0.01%, 0.013% and 0.015%) was added to the samples, thereafter, the measurement was continued for approximately 5 min. a) GM 1 subunits b) MHC II proteins c) TfR d) CD1d proteins e) GM 1 , MHC II, TfR and CD1d species at 0.013% TX100. The fluorescence intensities were averaged for every 60 seconds except for the first minute where it was averaged for 45 s. The break in the graph (from 45 to 50 s) represents the point of addition of TX100 except for untreated samples where continuous measurements for 6 min were performed. The data for each value is calculated from at least three sets of independent experiments and is presented as Mean ± S.E.M.
membrane cholesterol level decreased by greater than 30% due to both and ' * ' symbols respectively. Each datum was normalized by the averaged sum of all data-sets of the particular independent experiment, including values from both control and treated samples, and is represented as Mean ± S.E.M. Three or more independent experiments in triplicates were performed for this study. a. Measurement of IFNγ in the medium after 48 h of co-culture between C1R-CD1d cells and iNKT cells. C1R-CD1d cells were loaded with either 100 ng/ml or 1 μg/ml α-gal for 18 h thereafter it was washed and treated with MβCD. Next, samples were fixed with 1% formaldehyde for 20 min in ice before being used in the co-culture assay. The samples are indicated by the columns in the following colors: Control (Black); 2 mM MβCD treated (Red); 10 mM MβCD treated (Blue). The amount of IFNγ in control samples in Mean ± S.E.M were 1589 ± 402 pg/ml (100 ng/ml α-gal culture) and 1642 ± 412 pg/ml (1 μg/ml α-gal culture). b. Measurement of IL4 in the medium after 48 h of co-culture between C1R-CD1d cells and iNKT cells. C1R-CD1d cells were loaded with either 100 ng/ml or 1 μg/ml α-gal for 18 h thereafter it was washed and treated with MβCD. Next, samples were fixed with 1% formaldehyde for 20 min in ice before being used in the co-culture assay. The samples are indicated by the columns in the following colors: Control (Black); 2 mM MβCD treated (Red); 10 mM MβCD treated (Blue). The amount of IL4 in control samples in Mean ± S.E.M were 551 ± 153 pg/ml (100 ng/ml α-gal culture) and 604 ± 109 pg/ml (1 μg/ml α-gal culture).c. Measurement of IFNγ in the medium after 48 h of co-culture between simvastatin treated C1R-CD1d cells and iNKT cells. C1R-CD1d cells were incubated for 48 h with simvastatin (10 μM, Red and 20 μM, Blue) or without simvastatin (Black) either in 1% NCS media or 0.5% NCS media. Four hours prior to the completion of this incubation period, 250 ng/ml α-gal was added to the C1R-CD1d cells for the loading of iNKT ligand. Next, C1R-CD1d cells were washed extensively and were fixed in 1% formaldehyde for 20 min on ice. Only fixed C1R-CD1d cells were used in the co-culture assay. Experiment with 10 μM simvastatin treatment of C1R-CD1d cells was not performed for 0.5% NCS group. 'NP' means 'Not Performed' in the figure. The amount of IFNγ in control samples in Mean ± S.E.M were 1542 ± 407 pg/ml (1% NCS culture) and 2407 ± 337 pg/ml (0.5% NCS culture). for her excellent technical assistance. 
